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Materials and Methods
Analyses were conducted using the Dutch blood donor database on whole-blood donors registered between 2013 and 2017 (n = 155 054). Chi-squared tests were used to study relationships between donor characteristics (i.e., sex, age, and Duffy-negative antigen as proxy for donors from African descent) and recruitment strategies; linear and Cox regressions were used to study relationships between recruitment strategies, and number of donations and length of the donor career, respectively.
Results Most donors were recruited via other donors (44Á6%) or became donor on their own initiative (28Á4%). Young men were often recruited by other donors and Duffy-negative donors were often recruited via missing minorities campaigns. Donor-recruits-donor was associated with the highest number of donations; telephone recruitment was associated with the lowest number of donations. Although telephone recruitment was associated with the longest donor careers, it also showed the largest proportional stopping prevalence. Student recruitment and missing minorities campaigns were associated with the shortest donor careers.
Introduction

Underrepresentation in the blood donor population
Over the last decades, blood donor populations across Europe and the United States have been susceptible to change. Studies from Germany, the United Kingdom and the Netherlands, among others, show a trend towards feminization of the donor pool, while remaining ethnically homogeneous across sex and age groups [1] [2] [3] . These developments have led to an underrepresentation of various demographic groups within the blood donor population compared to the general population, especially among young men and people from ethnic minorities [4] . Yet, a balanced donor population is important for securing a safe and sufficient blood supply in future [3] .
Compared with older donors, young donors generally have a longer donor career ahead of them; compared to female donors, male donors are less likely to be medically deferred, are less likely to experience adverse reactions, and are allowed to donate more often in most countries [5, 6] . By the end of 2017, the Dutch donor population consisted of approximately 38% male and 62% female active blood donors, while in the general Dutch population the sex balance was almost evenly distributed [7] . Based on information from the Dutch blood donor database, the sex imbalance is likely to increase further in the coming years according to the rates of newly registered donors (Fig. 1) .
With regard to ethnic minorities, their underrepresentation poses a problem due to different blood type compositions. This is particularly the case for Sub-Saharan African descendants who substantially differ in extended blood types compared with people of European descent, but are also more prone to blood disorders demanding multiple blood transfusions [8, 9] . Due to growing multiculturalism, a diverse blood supply is needed to match with future transfusion needs [1] . Based on Duffy-negative phenotyped donors -a proxy for people of SubSaharan African descent [10] , as ethnicity is not registered in the Dutch donor database and this phenotype is strongly ethno-specific -about 0Á05% are found to be Duffy-negative (Fig. 2) . In comparison, it can be estimated that about 165 thousand persons living in the Netherlands are Duffy-negative, which is approximately 1% of the total population [9, 11] .
Previous intervention-based blood donor studies have investigated methods to assist blood collection agencies (BCAs) in recruiting new blood donors, for instance providing educational campaigns, message framing within BCA brochures, and offering nonmonetary incentives [12] [13] [14] . Despite these efforts, motivating young men and ethnic diverse nondonors has proven to be challenging [15, 16] . Hence, the question remains whether and how these potential blood donors can be effectively recruited in the near future. 
Effectively recruiting and retaining blood donors?
It has been argued that the declining rate of prosocial behaviour (e.g., charitable giving, volunteering, blood donation) is associated with declining altruistic values and lower societal trust over the last 20 years [17] . Also, the growing migrant population lags behind in prosocial participation, as social and economic segregation makes them less willing and capable to commit to the host country's society [18] . Our paper takes a different perspective, reflecting on the role BCAs play in mobilizing young and ethnically diverse donors. We believe that these groups might be willing to be involved in blood donation, but that they are differently motivated than donors with other demographic characteristics. Our recent systematic reviews showed that motivations and barriers to donate blood differ between men and women, and (non)donors from African backgrounds [19, 20] . Due to these motivational differences, we argue that one size does not fit all in recruiting new donors. Without thoroughly understanding motivational differences between diverse groups of (non)donors, and without incorporating these insights into recruitment campaigns, the use of these campaigns might not lead to desired recruitment outcomes. We examined whether recruitment strategies are related to donor diversity and loyalty of specific demographic groups in the Netherlands. Moreover, we discuss and examine the increasingly popular donor-recruits-donor strategy as a specific case of evidence-based donor recruitment to highlight potential unexpected side-esffects in implementing intuitively embraced recruitment strategies.
Theory
Mechanisms of altruism underlying recruitment strategies
As opposed to the traditional belief that blood donation is an act of pure altruism [21] , it is reasonable to assume that donating blood is not solely driven by altruistic motives [22] . Self-reported motivations from donors include a wide range of other reasons to be involved in blood donation, e.g., responding to feelings of moral responsibility, serving self-interest by getting a health check, or relieving blood donor shortages [20] .
The mechanisms of altruism approach [MOA, 23] provides a framework to order the various self-reported blood donor motivations by defining eight broad motivational categories: altruism, indirect reciprocity, warmglow, self-interest, advantageous inequality aversion, reluctant altruism, direct or social interventions, and personal or organizational context (Table 1 ). In terms of the MOA approach, we argue that people with different demographic characteristics can generally be defined as different donors. Men, compared to women, more often reported that they donated blood to get a regular health check, because it makes them feel good about themselves, and because they were influenced by friends and family [24, 25] . African minorities more often reported to be motivated by health checks and community-involved recruitment campaigns compared to the Western majority populations [19, 26] . It is reasonable to suggest that these groups need a different recruitment approach than women and people from Western majority populations. Yet, BCAs often design one-size-fits-all campaigns, potentially leading to a lack of sufficient matching between targeted and recruited donors [27] . We therefore assume some demographic groups to be either underrepresented or overrepresented as a result of the use of current BCA recruitment strategies:
People from different age categories, sexes and people from Sub-Saharan African minorities are different in the way they are recruited as blood donors.
Donor-recruits-donor as specific donor recruitment case
Donor-recruits-donor is a form of social intervention, with active donors recruiting potential donors from their network, and has been praised as the most cost-effective and sustainable recruitment strategy [28] . It has been estimated that the costs for social interventions such as donor-recruits-donor are more than two times lower than for cold recruitment [e.g., direct intervention by BCA; 29]. Moreover, it is suggested that donor-recruits-donor is effective in recruiting new donors. Current donors are generally willing to help with recruiting new donors [30] , and when a potential donor is personally asked by another donor, he or she is more likely to register as a donor as well [31] . This might be promising for increasing diversity of the donor pool, as men and African minority populations report social interventions as one of the motivations to start donating blood [19, 32] . This social intervention motivation, however, might also play a counterproductive role in the donor-recruitsdonor strategy. Research on prosocial behaviour has shown that people from certain socio-demographic groups are more likely to be solicited for volunteer work and charitable giving than others, especially females, members of religious groups, and the higher-educated [33, 34] . Moreover, those involved in volunteer work in the past are more likely to be asked to engage in voluntary work again: 'Once on the list of usual suspects, I'm likely to stay there' [35] . This process may lead to a vicious circle of selective mobilization, increasing the homogeneity of those involved in prosocial behaviour. In the case of blood donation, with an overrepresentation of women and donors from Dutch descent [4] , recruitment based on social interventions might reinforce the trend towards feminization and ethnic homogeneity, rather than promoting a balanced donor pool. Based on these competing perspectives, we hypothesized that:
Hypothesis 2a. Donor-recruits-donor strategies enhance heterogeneity in the donor pool in terms of age, sex and ethnicity.
Hypothesis 2b. Donor-recruits-donor strategies enhance homogeneity in the donor pool in terms of age, sex and ethnicity.
Relation between recruitment strategies and donor loyalty
Specific recruitment strategies may not only appeal differently to certain demographic groups, but may also influence how newly recruited donors interpret and appreciate their donor career. For instance, direct or social interventions may make a potential donor feel pressured to sign up, negatively influencing donor loyalty over the long term. From the social desirability theory [36] , it is assumed that people are more likely to conform to perceived societal norms when confronted with a solicitation to become a donor. Sargeant and Jay [37] showed that, after a direct intervention for charitable giving, lapsed donors were more likely than active donors to report feeling pressured to donate money. Although these people are more likely to sign up, they are not more likely to become loyal donors. We would expect recruitment strategies based on direct and social interventions, such as donor-recruits-donor or on-site recruitment by the BCA, to be less effective in donor retention than donors who started donating on their own initiative because of altruistic motivations.
On the other hand, a personal recruitment approach may result in higher feelings of commitment and responsibility, which may positively affect donor loyalty. This might especially be the case for social interventions, when being recruited by family, friends or colleagues. Misje and colleagues [29] reported that short-term donors were more often recruited by mass media, while longterm donors were more often recruited by social interventions. To further explore the possible relation between recruitment strategies and donor loyalty, we formulated the following hypotheses:
Hypothesis 3a. Donors recruited via different recruitment strategies differ in their number of subsequent blood donations.
Hypothesis 3b. Donors recruited via different recruitment strategies differ in their subsequent stopping prevalence.
Materials and methods
Data and procedure
To test our hypotheses, we used information from the Dutch blood donor database [eProgesa, 38] , containing information on all Dutch blood donors and their donations, such as deferral reasons, return rates, and blood groups. For our analyses, we selected all whole-blood donors who entered the donor pool within a 5-year time frame (January 2013 to December 2017) and for whom the recruitment strategy was registered. Our final sample consisted of 155 054 blood donors.
Measures
Recruitment strategies
During the online registration, each donor is asked to indicate why they decided to sign up as a donor by presenting a list of all possible recruitment strategies. eProgesa keeps a record of the specific recruitment strategy for each donor, with 30 different strategies being registered between 2013 and 2017. Based on previous categorizations by the department of Donor Relations of the Dutch BCA, the authors independently categorized the strategies according to type of recruitment. Individual categorizations were compared in a meeting, whereas disagreements on categorizations were resolved by discussion with the department of Donor Relations to define the final set of 10 clustered recruitment strategies (Table 2 and Appendix S1).
Donor loyalty
To explore the relation between recruitment strategies and donor loyalty, we included two indicators of donor loyalty in the model: the total number of whole-blood donations, based on registry data from eProgesa, and the length of the donor career until stopping, i.e., whether the donor deregistered from the donor database for any medical or nonmedical reason. 
Demographic characteristics
Regarding donor demographics, we looked at the donors' sex, age -divided into four categories, i.e., 18-25, 26-40, 41-55, 55+ -and the prevalence of Duffy-antigens as a proxy for people from Sub-Saharan African descent [9] .
Control variables
The number of invitations to donate, the year the donor was recruited (with 2013 as reference category) and the ABO/D blood groups were included as control variables, as these can be strongly related to the dependent variables and can alter the outcomes if not controlled for.
Statistical analyses
Statistical analyses were conducted using IBM SPSS 23 (Chicago, IL, USA). Chi-Squared tests were performed to examine whether donors from different demographic groups were recruited via specific recruitment strategies and Phi-coefficients were calculated to further examine differences. We then examined whether recruitment strategies were related to donor loyalty, looking at the total number of donations and stopping prevalence within the 5-year time frame using linear and Cox regression analyses, respectively.
Results
Descriptive statistics
The majority of the 155 054 included whole-blood donors were women (68Á9%) and people aged 25 years or younger (49Á6%). These donors had a total average of 3Á5 whole-blood donations, with women and Duffy-negative donors having a lower average donation frequency (Table 2 ). More than 30% of the registered donors stopped within this same 5-year time frame, with a higher proportion of stopped donors among men and Duffy-negative donors. Most donors were recruited by the donorrecruits-donor strategy (44Á6%), followed by becoming a donor on their own initiative (28Á4%) and being recruited by a patient (7Á3%).
Demographic differences in recruitment strategies
The results showed that recruitment strategies differ for men and women (X 2 (9, n = 155 054) = 1190), for donors from different age categories within men and women (X 2 (63, n = 155 054) = 17 563), and for donors who do or do not have the Duffy-negative phenotype (X 2 (9, n = 155 054) = 91). Women were less likely than men to be recruited by the donor-recruits-donor strategy (φ = À0.07), but were more likely than men to be recruited by the BCA promotion team (φ = 0.05). With regard to the various age groups, subdivided by sex, men aged 25 and younger were most likely to be recruited by the donor-recruits-donor strategy (φ = 0.06), while women aged between 26 and 40 were least likely to be recruited by other donors (φ = À0.06). Duffy-negative donors were more likely to be recruited by missing minority campaigns (φ = 0.02). All Phi-coefficients between the study measures can be found in Appendix S2.
Recruitment strategies and donor loyalty
The first model demonstrates the effect of sex, age and ethnicity on the number of blood donations, controlled for the length of the donor career, number of invitations and the ABO/D blood groups (Table 3) . Women (B = À0Á69, 95% CI = À0Á73, -0Á66) and Duffy-negative donors (B = À0Á61, 95% CI = À1Á05, À0Á17) make less donations compared with the reference group, while older donors make more donations (B = 0Á02, 95% CI = 0Á02, 0Á03). In the second model, the donor-recruits-donor strategy and becoming a donor on own initiative was added. Both had a positive effect on the number of donations compared with the other strategies, although the effect was larger for the donor-recruits-donor strategy (B = 0Á41, 95% CI = 0Á37, 0Á45) compared with own initiative (B = 0Á22, 95% CI = 0Á17, 0Á27). In the last model, the different recruitment strategies were added with becoming a donor on own initiative as reference category. Those who were recruited via the donor-recruitsdonor strategy had the highest number of subsequent donations (B = 0Á17, 95% CI = 0Á13, 0Á21). Telephone recruitment showed the strongest negative relation with the number of subsequent donations (B = À1Á04, 95% CI = À1Á14, À0Á95).
As shown in Table 4 , the Cox regression analysis showed that women were less likely to end their donor career (HR = 0Á78, 95% CI = 0Á77, 0Á80) while Duffynegative donors were more likely to stop (HR = 1Á54, 95% CI = 1Á24, 1Á91). No differences were found for age. Controlled for the other determinants, telephone recruitment (HR = 0Á89, 95% CI = 0Á85, 0Á93) and promotion team recruitment (HR = 0Á90, 95% CI = 0Á86, 0Á94) were associated with the longest donor careers, while student recruitment (HR = 1Á32, 95% CI = 1Á23, 1Á42) and missing minorities recruitment (HR = 1Á30, 95% CI = 1Á14, 1Á49) were associated with the shortest donor careers. However, the actual stopping rate over the whole sample is the highest for telephone recruitment (52Á0%) and missing minorities recruitment (46Á4%), while lowest for recruitment at businesses and organizations (22Á7%) and recruitment via online media (23Á2%). The actual cumulative survival rate per recruitment strategy for the length of the donor career between registration and stopping is presented in Fig. 3 . Telephone recruitment À1Á04 (0Á05) À1Á14, À0Á95 <0.001
All models are controlled for the length of the donor career, number of donation invitations, year of recruitment and ABO/D blood groups. In line with the expectations derived from the MOA approach [23] , our results showed that there are proportional differences in how people from different age categories, sexes and ethnic groups are recruited. For instance, the donor-recruits-donor strategy might add to creating a balanced donor pool, as relatively more young men were recruited by other donors. These results are in line with studies reporting men to be motivated to donate blood because they were convinced by friends, family and colleagues [20] . Social interventions might therefore be effective in reaching out to young, male nondonors, while direct interventions from the BCA might be more effective in recruiting female blood donors. However, social interventions, and more specifically the donorrecruits-donor strategy, might not be as effective in increasing the number of blood donors of African descent, as fewer Duffy-negative donor were recruited by other donors. It might be the case that donating blood or talking about blood donation is generally not embraced in the community due to taboos and symbolic beliefs, restricting possibilities to recruit new donors [39] . Rather, recruitment strategies focused around reluctant altruism and raising the awareness of need for specific blood products, as is the case with missing minority recruitment, might be more effective in recruiting these nondonors.
Donor loyalty, in terms of the number of blood donations and the length of the donor career, differs between donors and between the various recruitment strategies. Next to recruitment, our results showed that retention of young men and African donors is difficult as well. Although male donors donate more frequently than women, male donors and Duffy-negative donors have shorter donor careers. With regard to recruitment strategies, the donor-recruits-donor strategy has the strongest positive relation with subsequent donations, supporting findings from Misje [29] and Lemmens [28] who advocated the importance of friends, families and colleagues. Although there are differences between recruitment strategies and length of donor careers, we do not find clear differences when looking at the potential role of social desirability in blood donor behaviour over the long term. Recruitment based on direct interventions, social interventions, or donating on own initiative do not differ from each other in a clear direction. For instance, recruitment by offline media, donor-recruits-donor, or the promotion team shows marginal differences in their donor career survival rate (Fig. 3 ).
Strengths and limitations
One of the strengths of this study is that the Dutch donor database provides a lot of information over a long period of time. Instead of surveying a sample of donors, we were able to use the information of all Dutch donors recruited between 2013 and 2017, including the specific recruitment strategy in play. Moreover, this is one of the first studies in blood donor research that examines the role of BCAs in the relation with donor demographics, recruitment strategies and donor loyalty.
However, this study has some limitations. First, the recruitment strategies were mainly self-reported by blood donors during registration. It may be that the donor is not fully aware of the reason for registration or multiple cues led to the decision to register. Second, as the recruitment and retention of ethnic minority donors becomes more urgent, we used the Duffy-negative phenotype as a proxy for African background. Although this phenotype is exceedingly rare in people of European descent, this proxy does not fully correspond with ethnicity. Also, not all donors have been fully phenotyped, making it possible that a small number of donors from African descent are still unknown to the BCA. Finally, the actual effect sizes of recruitment strategies were small, suggesting that demographic characteristics are more important predictors of donor loyalty. Nonetheless, we found relations between donor recruitment, diversity and loyalty, stressing the added value of thoughtful decision making in deploying specific recruitment strategies.
Future directions in blood donor studies and recruitment
More fundamental research on donor recruitment and their effects on the donor career are needed to better understand how targeted (non)donors can best be recruited and retained. Systematically adjusting recruitment interventions and performing field experiments to test new strategies might increase our understanding of donor motivations in specific target groups. Possible underlying individual, network and contextual motivations to donate blood, such as warm-glow giving, experienced social pressure, or feelings of moral responsibility, should be taken into account.
For BCAs it would be worthwhile to further facilitate social interventions such as donor-recruits-donor recruitment. However, solely focusing on the donor-recruits-donor strategy will probably not be enough to recruit the much needed Duffy-negative donors. Personalized, evidence-based recruitment strategies should be designed, tested and evaluated to effectively motivate African minorities.
While we advocate the development of more personalized recruitment strategies, we also stress the importance of personalized donor retention. As we have shown, donors recruited by direct interventions, such as recruitment among students and ethnic diverse donors, may need more support in continuing their donor careers and becoming loyal donors over time. Donor careers are highly person-specific and attention needs to be paid to the role of BCAs in evidence-based recruitment and retention of our blood donors.
